A variety of paleontologic and stratigraphic problems are presented by rocks near the MississippianPennsylvanian boundary in the central and northern Rocky Mountains. Stratigraphic sections of these rocks show diverse interpretations of fundamental concepts of stratigraphy and paleontology. In many places where Upper Mississippian rocks directly underlie Pennsylvanian rocks it is difficult to determine the precise location of the boundary between these units. Formations that straddle the boundary are very useful and satisfactory over large areas. Most geologists use various types of lithologic criteria to distinguish formations, but some appear to rely mainly on faunal data, unconformities, or attempts to trace prominent beds. More uniformity in criteria than now exists for the delimitation of formations is desirable. Surface and subsurface formations should conform to the same definition. Critical paleontologic studies of several common species and genera, if based on a large number of specimens, might help solve the boundary problem. More correlations based on several lines of paleontologic evidence and less reliance on a few index fossils wouldalso help. Larger and more varied collections of well-preserved fossils stratigraphically located are needed from critical areas. Additional stratigraphic work in this region should be of a detailed nature and should preferably be done in connection with detailed mapping. Ecologic and paleogeographic factors merit more attention. The age significance of unconformities has perhaps been overestimated generally.
INTRODUCTION
As in many other parts of the United States, the Mississippian and Pennsylvanian rocks of the Rocky Mountain region present many unsolved problems. These problems relate to all stratigraphic zones from the base of the Mississippian to the top of the Pennsylvanian. A group of problems that involve beds at or near the Mississippian-Pennsylvanian boundary are especially interesting because they not only show places at which the geological data are sadly deficient but also involve interpretations and differences in viewpoints on fundamental principles of paleontology and stratigraphy.
All students of Carboniferous problems, especially those who have themselves worked in the Rocky Mountains, will agree that much geologic work needs to be done there. The type of work most needed, in the writer's opinion, is not, however, reconnaissance work but detailed work, whereby the investigator be- ' Published by permission of the Director, U.S. Geological Survey. Manuscript received February 24, 1948. comes well informed on a single small problem or spends considerable time on a large problem. There is, however, also room for broadly interpretive work. Considering the vast area of the Rocky Mountains underlain by Carboniferous rocks and the difficulty of access of many of the exposures, a very creditable amount of knowledge of the stratigraphy and paleontology has existed for a long time; but not all of it is published, and much that is published is in papers concerned also with general and economic geology, with which papers many stratigraphers appear to be unfamiliar. This knowledge must be considered by anyone starting work in the Rocky Mountains.
Problems in the Rocky Mountain Carboniferous (not all of which will be solved or even reviewed in this paper!) range from the need for more and better fossils, carefully collected with respect to their geographic locations and stratigraphic horizons, to the need for reviews, and perhaps reappraisals, of some of the fundamental hypotheses and definitions used in stratigraphy and paleontology. Among these last-named are such things as definitions of various rock and time units and the applications of these definitions in the field; hypotheses of, and factors in, the correlation of strata; and theories of species definition in paleontology. Despite the two hundred and thirty or more years of the existence of the science of stratigraphy and stratigraphic paleontology, many disagreements exist in the application, if not in the definition, of many of the fundamental or near-fundamental concepts upon which the daily work of the stratigrapher and stratigraphic paleontologist is based.
Whether one considers the Mississippian-Pennsylvanian boundary a systemic, subsystemic, or series boundary depends on the definitions of a system, a subsystem, and a series to which one subscribes and on the applications (or interpretations) of these definitions in particular regions and with particular sequences of rocks; also involved are the uses or underlying purposes that one has in mind for each of the units, the general usage throughout the world, the degree of reliance and degree of fineness of intercontinental correlations of the particular units of rocks under consideration, and the breadth of experience one has with the rocks involved. All these are variable, and there is certainly adequate room for justified disagreements in the weights and interpretations given each of the above factors and for disagreement in the rank assigned to the units called "Mississippian" and "Pennsylvanian." A definite agreement is not necessary, and it would be outside the scope of this paper to present arguments for or against any specific conclusion. The writer considers that the Mississippian-Pennsylvanian boundary is an important boundary in the United States (more so in some regions than in others) and believes it to be an important time and time-rock boundary, as distinct from a lithologic boundary. It may (and does) happen to coincide with distinct lithologic changes in some places but not with important lithologic changes in others. It coincides with an unconformity in some regions and not with a recognizable unconformity in others. It is a practical boundary for mapping in some places, and in others it is not. Nevertheless, this boundary is one of the more important ones in the United States.
POSITION OF MISSISSIPPIAN-PENN-SYLVANIAN BOUNDARY
All who are familiar with the general geology of the central and northern Rocky Mountains know that, broadly speaking, the Mississippian rocks there constitute a sequence mainly of limestones, whereas the Pennsylvanian rocks constitute a dominantly sandstone or "quartzite" sequence. Between the dominantly limestone sequence of the Mississippian and the dominantly sandstone sequence of the Pennsylvanian there lies a series of thin and in many places alternating beds of sandstones, shales, thin limestones, cherts, and other kinds of rock. In many places this series of rocks contains red or purple beds, material from which stains associated beds and at many exposures the whole series has a reddish tinge. In many places the Mississippian-Pennsylvanian boundary is within this series of rocks, some of the beds being Mississippian and others Pennsylvanian. In other places, however, the Mississippian-Pennsylvanian boundary, as determined by fossils, appears to coincide with a lithologic boundary. The Mississippian-Pennsylvanian boundary is placed within a series of alternating thin-bedded rocks-a nonresistant series -not only in the area here discussed but in a far wider area in the western part of the United States.
FORMATIONS INVOLVED
Early practice.-The variable beds between the Mississippian limestones and the Pennsylvanian sandstones or quartzites have, in the area under discussion, been placed in different formations in different parts of the area. In western and central Montana and in northwestern Wyoming they were generally assigned to the lower part of the Quadrant formation and widely, but not universally, considered Mississippian in age. In westcentral and central-northern Wyoming and in parts of Montana contiguous to northern Wyoming, they were placed in the Amsden formation, which has from 1906 (Darton, 1906 , p. 5), two years after the time of the proposal of the name "Amsden" for the beds, been generally considered to be of both Mississippian and Pennsylvanian age. In southeastern and eastern Idaho and contiguous parts of western Wyoming and Utah, the lower beds of the sequence were for a long time placed in the upper part of the Brazer limestone and the upper beds in the lower part of the Wells formation. In mapping begun in 1931 in the Afton quadrangle, southeastern Idaho and southern Wyoming, but as yet unpublished, W. W. Rubey and the writer grouped the beds together in a single mapping unit, to which a field name has been applied pending decision as to which of the available names to use. In north-central Utah the beds were put in the Morgan formation, which was considered by its namer, Eliot Blackwelder (1910 The writer has aided nearly every United States Geological Survey party that has worked in this area since 1930 with its problems in Carboniferous rocks and, in addition, while engaged in stratigraphic projects of his own, has measured many sections in areas not worked in detail by the Survey mapping parties. Fossils have been systematically, though not always adequately, collected from nearly all these sections, and most of these have been identified, although the sections that he has measured independently and from studying carefully all the collections of fossils in his hands.
SELECTED STRATIGRAPHIC SECTIONS
The total stratigraphic work done on the Mississippian-Pennsylvanian boundary problem by all the geologists who have worked in this region is so great and the number of stratigraphic sections is so large that only a small proportion of them can be discussed in this paper. Con- sequently, a few sections have been selected to show the trends in each of several areas. It is hoped that these sections will reveal general tendencies in procedure that can be evaluated later and will show some of the specific deficiencies of knowledge, disagreements in philosophies, and other problems that exist in connection with the stratigraphy and paleontology of the Mississippian-Pennsylvanian boundary in the Rocky Mountains. The sections given here were selected because they are more or less typical of the areas or because they show fossil occurrences, lithologic features, or terminology that the writer believes are of interest. The writer has personally visited the area of each section cited from the various publications. Several of the sections have been examined in the field with the men who measured them. In the Big Horn Mountains, the Amsden is a variable formation, both in thickness and in lithology. Because of the thickening and thinning of many beds in short distances, one suspects that at some stratigraphic zones they are lenticular. In several places the basal bed is a sandstone, which may attain a thickness of as much as 1oo feet or more, but sandstones occur at several stratigraphic positions in the Amsden of most areas. In a section measured by the writer in 1920, along Little Goose Creek, about 25 miles southeast of the type locality, a thinbedded sandy limestone that is dense to finely crystalline and has a purplish cast was considered the basal bed of the Amsden.
SECTION IN THE BIG SNOWY MOUNTAINS
The contact with the underlying Madison limestone in this region in many places is irregular, and shales from the Amsden fill depressions some of which are probably sinkholes in the Madison.
The writer knows of no fossils from the type locality of the Amsden, but in print (1913, p. 176) . The list for the uppermost zone, which is said to be from a thin group of limestone beds a little below the middle of the formation, shows the zone clearly to be Pennsylvanian. The fossils from a zone 60 feet lower are not so diagnostic but appear to the writer to be also Pennsylvanian. Girty, however, reserves the possibility that they may be Mississippian. There has not been an opportunity for the writer to re-examine the actual collections or to study Blackwelder's field notes. Neither collection is located stratigraphically with respect to the Darwin sandstone, but it is probable that both came from beds above it. This cannot, however, be definitely stated. The United States Geological Survey has had a field party working in the Gros Ventres during the past season, and several universities have had students and faculty members working there in recent summers. It is to be hoped that the examination of fossils obtained by these investigators will soon supply some definite faunal data on the age of the Darwin sandstone member of the Amsden. As in the Tabiona region farther west, the Mississippian-Pennsylvanian boundary is placed at the top of a black shale, but the black shale is not so well exposed as in the Tabiona region. The Morgan is divided into two parts, both of which are tentatively considered to be of Pennsylvanian age. The collections need to be carefully studied, however, as they contain many forms that are generalized. The lower part of the Morgan is mostly limestone and is more resistant than at other localities where shales and sandstones are intercalated at short intervals. The upper part consists of three subdivisions, the lowest of which is mainly soft red shale, sandstone, or sandy shale. 
PROBLEMS IN PALEONTOLOGY NEED FOR MORE PALEONTOLOGICAL DATA
The need for more paleontologic data is definitely shown in the preceding discussions of the few selected stratigraphic sections. Not only is the need for additional and larger collections from certain zones indicated, but there is also shown a need for more studies and better integration of collections already made. The problem of additional collections from specific zones in critical areas is not everywhere easily solved. In many mountain ranges the Carboniferous rocks are exposed mainly in areas of high altitude that are difficult of access. Furthermore, many of the beds are either unfossiliferous or contain very few fossils. Some beds that have fossils do not yield them readily, and it is difficult to obtain specimens that are well enough preserved to permit definite identifications. When closely related genera and species differ from one another only in some small internal character or in some particular type of ornamentation, as many do, large collections are frequently required to provide specimens to show adequately these characters. Even those who have used lithologic composition as the main factor in the definition of their formations have not agreed on the type of lithologic criteria to use. It is probably unlikely that absolute uniformity in usage will ever be attained over wide areas or in different sections of the country; and it probably is not desirable. Geologists as a rule will use whatever they find in the particular region that provides mappable units, and the choice will depend not only on individual preferences but also on the character of the topography and climate of the particular area, the lithology of the rocks, and other factors.
In work in the Rocky Mountain region, the writer has been impressed with the usefulness of lithologic formations based upon features of the total lithologic composition of the formation more than that of formations based on the presence of some specific color; or on the highest or lowest occurrence of some particular type of lithology, such as the highest limestone or the lowest phosphate bed; or on the tracing of some conspicuous bed, such as a sandstone; or on the tracing of unconformities, either by faunal data or by matching unconformities seen in separate outcrops. Nearly all these criteria have been, or are being, used in the Rocky Mountain area, and local conditions might make any one of them more desirable than the others. The first ap-pearance of a changed type of lithology especially has cogent arguments in its support.
Far more important than the adoption of any one particular type of criterion is the desirability of uniform usage, at least in local areas, to which, after all, formation names only apply.
During recent years detailed stratigraphic work and subsurface work have greatly increased in the Rocky Mountain area. This work has added much needed detailed knowledge regarding the individual beds that make up the formations and has resulted, in some areas, in the breaking-up of larger formations and the giving of formational rank to units that constituted subdivisions or merely unrecognized parts of the larger formations. In the writer's opinion, new and thinner formations are desirable if, and wherever, they conform to the generally accepted criterion that a formation "shall . . . Existing data on the paleogeography need to be consolidated and published and new data added. Geosynclinal and shelf areas have been indicated in parts of the area. The location of major land masses is known in a general way, but details of the paleogeography, including precise locations and extent of major features, are not known. Relationships to other areas, such as the Mid-Continent and Pacific Coast areas, need to be more definitely worked out and sea connections more precisely located. Much additional data are needed on sources of sediments. Additional isopach maps need to be constructed; but these, to be widely understood, either will have to await unification of some of the stratigraphic terminology or will have to be accompanied by considerable stratigraphy, explaining the author's usages of formations.
Of quite a number of recent articles containing maps or discussions of paleogeographic features, papers by Nolan o10. Formations have been defined and their limits set by many different criteria. More uniformity than now exists, as to both criteria and terminology, is desirable. A big step toward uniformity would result from general agreement to define and actually employ formations, whether surface or subsurface, as lithologic units which could be effectively mapped, or could logically be supposed to be mappable, on the ordinary scales of topographic quadrangle mapping used in the area where they occur. Smaller units could be given varying degrees of subformational rank to allow as fine discrimination as desired. Such a definition would not prohibit formations from containing unconformities, parts of two geologic systems, or several paleontologic zones or from varying somewhat in age from place to place. Even with such a general agreement, problems regarding the details of the lithologic composition of various formations, lateral gradation, and other points would remain to be solved.
I1. Additional work on the Carboniferous rocks and their faunas in the Rocky Mountain area should be very thorough and detailed, or frankly interpretive in localities for which the data are inadequate. All types of previous knowledge should be utilized. Reconnaissance work has been done in nearly all areas.
12. The combination of detailed stratigraphic and paleontologic work with detailed mapping offers the best possibility of obtaining adequate and reliable data needed from the northern and central Rocky Mountain region.
